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2002:182219 CAPLUS 
136:242927 

Cloning of .DELTA. 6- 
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Thomas, Terry L. 
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AB Linoleic acid is converted into . gamma. -linolenic acid by the enzyme . 
DELTA. 6-desaturase . The present invention is 
directed to isolated nucleic acids comprising the .DELTA. 
6-desaturase gene from evening primrose. More 

particularly, the isolated nucleic acid comprises the promoter, coding 

region and termination regions of the .DELTA. 6- 

desaturase gene. The present invention provides recombinant 

vectors expressing .DELTA. 6-desaturase gene 

controlled by heterologous regulatory promoter and terminator elements. 
The nucleic acids and recombinant constructions of the instant invention 
are useful in the prodn. of GLA in transgenic organisms. 
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AB Microbial genes for .DELTA. 6 -desaturases are 

cloned and characterized for use in the prepn. of transgenic organisms 
synthesizing high levels of . gamma . -linolenic acid from linoleic acid. 
Plants expressing a desaturase gene and with high tissue levels 
of .gamma. -linolenic acid are chilling resistant. These plants can also 
be used to produce oils with altered levels .gamma . -linolenic acid. The 
Synechocystis .DELTA. 6 -desaturase was cloned 

by expression in a .gamma . -linolenate-def icient Anabaena. Expression of 
the gene in transgenic tobacco and carrot is demonstrated. 
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TITLE: Expression of a borage desaturase cDNA 

containing an N-terminal cytochrome b-5 domain results in 
the accumulation of high levels of DELTA - 
6-desaturated fatty acids in transgenic tobacco. 

AUTHOR (S) : Sayanova, Olga; Smith, Mark A.; Lapinskas, Peter; Stobart, 

A. Keith; Dobson, Gary; Christie, William W.; Shewry, Peter 
R.; Napier, Johnathan A. (1) 

CORPORATE SOURCE: (1) Inst. Arable Crops Res . -Long Ashton Res. Station, Univ. 

Bristol, Long Ashton, Bristol BS18 9AF UK 

SOURCE: Proceedings of the National Academy of Sciences of the 

United States of America, (1997) Vol. 94, No. 8, pp. 
4211-4216. 
ISSN: 0027-8424. 

DOCUMENT TYPE: Article 

LANGUAGE: English 

AB gamma-Linolenic acid (GLA; C18:3 DELTA- 6 ,9,12) is a 

component of the seed oils of evening primrose (Oenothera spp.), borage 
(Borago officinalis L.), and some other plants. It is widely used as a 
dietary supplement and for treatment of various medical conditions. GLA is 
synthesized by a delta-6-f atty acid desaturase 

using linoleic acid (C18:2 DELTA-9,12) as a substrate. To enable the 
production of GLA in conventional oilseeds, we have isolated a 
cDNA encoding the DELTA- 6 -fatty acid 

desaturase from developing seeds of borage and confirmed its 
function by expression in transgenic tobacco plants. Analysis of leaf 



lipids from a transformed plant demonstrated the accumulation of GLA and 
octadecatetraenoic acid (C18:4 DELTA- 6,9,12,15) to 

levels of 13.2% and 9.6% of the total fatty acids, respectively. The 
borage DELTA- 6 -fatty acid desaturase differs 

from other desaturase enzymes, characterized from higher plants 
previously, by the presence of an N-terminal domain related to cytochrome 
b-5. 
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AB Linoleic acid is 


converted into 


. gamma . -linolenic acid 


(GLA) by 


the 



SE 



.DELTA. 6 -desaturase. The present invention 

is directed to isolated nucleic acids comprising the .DELTA. 
6 -desaturase gene. More particularly, the isolated 

nucleic acid comprises the promoter, coding region and termination regions 
of the .DELTA. 6 -desaturase gene. The 

present invention provides recombinant constructions comprising the . 
DELTA. 6 -desaturase coding region in functional 

combination with heterologous regulatory sequences. The nucleic acids and 
recombinant constructions of the instant invention are useful in the 
prodn. of GLA in transgenic organisms. 
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AB A .DELTA. 6 palmitoyl -acyl carrier protein 

desaturase of Thunbergia alata and a cDNA encoding the 

desaturase are described. The cDNA may be expressed in 

transgenic plants for biosynthesis of 6-hexadecenoic acid in glycerides 

for industrial or food use. The desaturase introduced a double 

bond at the sixth carbon atom from the carboxyl end of a 16 carbon satd. 

fatty acid, and is therefore useful in prodn. of plant seeds having a 

modified fatty acid profile. The cDNA was cloned from a seed 

endosperm library by amplification with conserved sequence -derived primers 

and screening with the primary amplification products. 
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Molecular cloning of a gene (Tp9ds) encoding Delta 9 fatty 
acid desaturase and growth-associated changes in 
mRNA expression in Tetrahymena pyriformis 
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*ABS TRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS * 
A gene encoding Delta (9) fatty acid desaturase (Tp9ds) was 
cloned from Tetrahymena pyriformis W cDNA library. The open 
reading frame encoded a protein of 292 amino acid residues, which was 
highly homologous to Delta (9) -desaturases of T. thermophila, 
carp and rat. The deduced amino acid sequence has histidine cluster motifs 
(one HXXXXH, two HXXHH) and two hydrophobic regions which are conserved in 
Delta (9) -desaturases from other sources. The Tp9ds gene was 
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present as a single copy in the T. pyriformis W genome as inferred by 
Southern blot analysis. Our previous studies have shown that with 
increasing age of culture, T. pyriformis cells showed an increased 
membrane fluidity accompanied with an enhanced Delta (9) -desaturase 
activity at the exponential phase, and that its activity decreased at the 
stationary phase. However, the mechanism underlying changes in the 
desaturase activity has not fully been understood. In this study, 
the Tp9ds mRNA level was analyzed by Northern blotting at the different 
growth stages . There was a marked increase in Tp9ds mRNA level at the 
mid-post exponential phase, followed by a decrease thereafter These 
results suggest that changes of Delta ( 9) -desaturase activity 
during cell growth are regulated at least in part at the transcriptional 
level in T. pyriformis. 
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AB A review with 26 refs. Most cyanobacteria and plants contain high levels 
of polyunsatd. fatty acids of membrane lipids. The authors have isolated 
the desA, desB and desC genes of Synechocystis sp. PCC 6803 which encode 
the .DELTA. 12, .DELTA. 15 {.omega. 3) and .DELTA. 9 desaturases, 
resp., of the acyl-lipid type. They disrupted the desA gene and the desD 
gene (for .DELTA. 6 desaturase) in 

Synechocystis sp. PCC 6803 by insertion of antibiotic resistance gene 
cartridges. These mutations greatly modified the extent of unsatn. of the 
fatty acids of membrane lipids. These changes in the unsatn. of membrane 
lipids altered the tolerance of cyanobacterial cells to low temp. In 
higher plants, the authors isolated a cDNA for 

acyl-ACP: glycerol -3 -phosphate acyltransf erase from squash and introduced 
it into tobacco plants. The transformation modified the level of unsatn. 
of chloroplastic phosphatidylglycerol, and altered the tolerance of 
tobacco plants to low temp. Glycinebetaine, a compatible solute, is 
synthesized in some halophilic plants. From the soil bacterium 
Arthrobacter globiformis, the codA gene for choline oxidase, which 
converts choline into glycine betaine, was cloned. When this gene was 
introduced into Synechococcus sp . PCC 7942, the resultant transf ormants 
accumulated glycine betaine to some extent and became tolerant to salinity 
stresses . 
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carrier protein desaturase in Thunbergia alata 
endosperm. 

Cahoon, Edgar G. (1); Cramner, Ann M . ; Shanklin, John; 
Ohlrogge, John B. 

(1) Biol. Dep., Building 463, Brookhaven National Lab., 
Upton, NY 11973 USA 

Journal of Biological Chemistry, (1994) Vol. 269, No. 44, 
pp. 27519-27526. 
ISSN: 0021-9258. 
Article 
English 

D-6 Hexadecanoic acid (16 : 1 -DELTA- 6) composes more 
than 8 0% of the seed oil of Thunbergia alata. Studies were conducted to 
determine the biosynthetic origin of the double bond of this unusual fatty 
acid. Assays of fractions of developing T. alata seed endosperm with 
(l-14C)palmitoyl (16:0) -acyl carrier protein (ACP) revealed the presence 
of a soluble DELTA- 6 desaturase activity. 

This activity was greatest when 16:0-ACP was provided as a substrate, 

whereas no desaturation of the coenzyme A ester of this fatty acid was 

detected. In addition, DELTA- 616:0 -ACP desaturase activity in T. 

alata endosperm extracts was dependent on the presence of ferredoxin and 

molecular oxygen and was stimulated by catalase. To further characterize 

this enzyme, a cDNA encoding a diverged acyl -ACP 

desaturase was isolated from a T . alata endosperm cDNA 

library using polymerase chain reaction with degenerate oligonucleotides 

corresponding to conserved amino acid sequences in DELTA- 9stearoyl (18:0)- 

and DELTA- 416 : 0 -ACP desaturases. The primary structure of the 

mature peptide encoded by this cDNA shares 66% identity with the 

mature castor DELTA- 918 : 0 -ACP desaturase and 57% identity with 

the mature coriander DELTA- 4 16 : 0 -ACP desaturase. Extracts of 

Escherichia coli that express the T. alata cDNA catalyzed the 

DELTA- 6 desaturation of 16:0 -ACP. These results 

demonstrate that 16:l-DELTA-6 in T. alata endosperm is 

formed by the activity of a soluble DELTA- 6 16 : 0 -ACP desaturase 

that is structurally related to the DELTA-918:0- and DELTA- 4 16 : 0 -ACP 

desaturases. Implications of this work to an understanding of 

active site structures of acyl-ACP desaturases are discussed. 
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US 1992-817919 

WO 1992-US8746 
AB The gene for .DELTA. -6-desaturase (I) of 

Synechocystis is cloned, sequenced, and expressed for manuf . of 

. gamma. -linolenic acid (II). The I gene was cloned from a partially 

Sau3A-restricted genomic library of Synechocystis (PCC 6803) by the 

gain-of -function method using a filamentous cyanobacterium Anabaena 

deficient in II but rich in linoleic acid. Also cloned was 

.DELTA. -12 -desaturate (III) gene using an oligonucleotyide probe derived 

from known III gene sequence. Expression of the I and III genes in 

Synechococcus (PCC 7942) deficient in linoleic and II was shown. The 

recombinant Synechococcus produced II from oleic acid. Also shown was the 

expression of I gene in tobacco plant. 
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The incorporation and metabolism of delta- 6- 

desaturase substrate and product, [1-14C] -linoleic (18:2n-6) and 
[1-14C] -gamma-linolenic acid (18:3n-6), was examined in NIH-3T3 cells and 
the DT subclone which differs only in the presence of the v-Ki-ras 
oncogene. Similar amounts of post delta-6 and delta-5 
desaturase metabolites were found in both cell lines indicating 
that the activity of these important enzymes of fatty acid metabolism was 
not affected by the expression of the oncogene. However, measurable 
quantities of the direct elongation product of 18:2n-6, 20:2n-6, were only 
found in DT cells. Radiolabel was recovered predominantly from the 
phospholipid fraction at low fatty acid concentrations, whereas neutral 
lipid labelling occurred when higher concentrations of exogenous fatty 
acid were present. This effect was most pronounced in DT cells and may 
result from the presence of the activated ras oncogene. 
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, College Station, TX, 
22(2) , 



Synechocystis sp. strain PCC 6803 by gain-of -function 
expression in Anabaena sp. strain PCC 7120 
Reddy, Avutu S./ Nuccio, Michael L.; Gross, Lisa M.; 
Thomas, Terry L. 
Dep. Biol., Texas A and M Univ. 
77843, USA 

Plant Molecular Biology (1993) , 
293-300 

CODEN: PMBIDB; ISSN: 0167-4412 
Journal 
English 

The enzyme .DELTA. 6-desaturase is 

responsible for the conversion of linoleic acid (18:2) to 

. gamma . -linolenic acid (18 : 3 . gamma . ) . A cyanobacterial gene encoding . 

DELTA. 6 -desaturase was cloned by expression of 

a Synechocystis genomic cosmid library in Anabaena, a cyanobacterium 
lacking .DELTA. 6 -desaturase . Expression of 
the Synechocystis .DELTA. 6-desaturase gene 

in Anabaena resulted in the accumulation of . gamma . -linolenic acid (GLA) 
and octadecatetraenoic acid (18:4). The predicted 359 amino acid sequence 
of the Synechocystis .DELTA. 6-desaturase 

shares limited, but significant, sequence similarity with two other 
reported desaturases . Anal . of three overlapping cosmids 
revealed a .DELTA. 12 -desaturase gene linked to the . 
DELTA. 6-desaturase gene. Expression of 
Synechocystis .DELTA. 6- and .eta. 12- 

desaturases in Synechococcus , a cyanobacterium deficient in both 
desaturases, resulted in the prodn. of linoleic acid and 
.gamma. -linolenic acid. 
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Enzymes and genes of fatty acid modification and 
triacylglycerol biosynthesis 

Murphy, D. J.; Hills, M. J.; Bowra, S.; Fairbairn, 
D.; Richards, D.; Ross, J. H. E . ; Slocombe, S. P.; 
Taylor, R. D . ; Whitfield, H. V. 

Cambridge Laboratory, John Innes Centre, Colney, 
Norwich, NR4 7UH, UK. 

Annual report 1991, AFRC Institute of Plant Science 
Research, Cambridge Laboratory, John Innes 
Institute, Nitrogen Fixation Laboratory and 
Sainsbury Laboratory, (1992) pp. 9-11. 
Publisher: Plant Science Research Ltd. & John Innes 
Institute. Norwich 
United Kingdom 
Report; Company Publication 
English 

Six enzymes of fatty acid modification and triacylglycerol biosynthesis in 
rapeseed (Brassica napus) are being studied as part of a programme to 
produce transgenic oilseed crops with fatty acid composition designed for 
specific industrial uses. A DELTA 9 stearoyl ACP desaturase 
[acyl-acyl carrier protein desaturase] cDNA was 
obtained and used to clone a genomic DNA from rapeseed. This 
cDNA is being used as a probe to clone the DELTA 
6 desaturase gene from various Umbelliferae species into 
oilseed rape to produce an oil high in petroselinic acid, a potential 
source of detergents and plastics. Other preliminary results on the 
location and characterization of the enzymes and their substrates are 
briefly outlined. 
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AB Modulation by fatty acids of the cytotoxic effect of recombinant tumor 

necrosis factor alpha (TNF) toward WEHI 164 mouse fibrosarcoma cells has 
been examined. Preincubating the highly TNF- sensitive WEHI clone 
13 cells for 44 hr with 50 .mu.mol/L of 20:5n-3 / 22:6n-3, 18:3n-6, 20:3n-6 
or 20:4n-6 reduced cell survival 22 hr after challenge with TNF (40 ng/L) 
by 65%, 72%, 60%, 98% and 85%, respectively. In comparison, 18:3n-3, 
18:2n-6 and 18:ln-9 had only negligible effects on TNF-induced toxicity. 
Different extent of fatty acid incorporation into cell total phospholipids 
or triglycerides could not explain the observed effects on TNF 
cytotoxicity, and the enhanced cytotoxicity could therefore not be 
explained merely by an increased unsaturation of the cell membranes. In 
addition to the fatty acid supplied, preincubation with 18:2n-6, 18:3n-6 
or 18:3n-3 also enriched the cells with 20:2n-6, 20:3n-6 and 20:3n-3, 
respectively, most likely due to chain elongation. The results suggest 
that the WEHI cells have a low .DELTA. 6 

desaturase activity, and that n-6 and n-3 acids must have at least 

3 or 4 double bonds, respectively to enhance TNF cytotoxicity in WEHI 
cells. Dexamethasone partly inhibited TNF-induced cytotoxicity, while 
cyclooxygenase , thromboxane synthetase or lipoxygenase inhibitors had no 
or negligible effects. The antioxidant butylated hydroxyanisole (BHA) 
completely inhibited TNF-induced cytotoxicity, while the structurally and 
functionally similar antioxidant butylated hydroxytoluene had no such 
effect, indicating that BHA does not block TNF cytotoxicity through its 
antioxidant effect. The results suggest that TNF cytotoxicity involves, 
directly or indirectly, metabolism of long-chain polyunsaturated fatty 
acids, and we speculate that fatty acid metabolites are involved. 
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AB The extent to which exogenous 18:3 (n-3) and 18:3(n~6) were desaturated and 
elongated and the degree to which they and their derivatives altered the 
unsaturation index of cell glycerol ipids were compared using clone 

4 MDCK cells grown in lipid- and serum- free medium. Despite differences in 
the degree of unsaturation of the individual polyunsaturated fatty acids 
produced from 18:3 (n-3) or 18:3 (n-6), the unsaturation index of 
phospholipids increased similarly from 0.7 in control cells grown in 
serum- and lipid- free medium to ca. 1.6 in those supplemented with fatty 
acid. The added fatty acids had little effect on cell growth. The 
conversion of 18:3 (n-6) to 20:3 (n-6) and 20:4 (n-6) was more rapid than 
that of 18:3 (n-3) to 20:4 (n-3) and 20:5 (n-3). No significant quantities of 
20:3 (n-3) or 18: 4 (n-3) were noted. When both 18:3 isomers were supplied 
simultaneously, marked differences in the amounts of some species of n-3 



and n-6 polyunsaturated fatty acids were observed. The presence of 

18:3 (n-6) and/or its derivatives suppressed levels of 20:4(n-3) and 

20:5(n-3), perhaps through inhibition of the .DELTA. 6 

and .DELTA. 5 desaturases responsible for their synthesis from 

18:3 (n-3). Similarly, 18:3 (n-3), and/or its longer more unsaturated 

derivatives, diminished the formation of 20:4(n-6) from 18:3(n-6). No 

marked effect on the products derived from elongation alone were observed. 



